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The title compound, [Fe(C7H9N2)2], crystallizes with two 
crystallographically independent molecules in the unit cell. 
These represent the chiral atropoisomers distinguished by the 
mutual arrangement of the two acetyl-hydrazone groups with 
a cis conformation of the C=N bonds. The two cyclopenta- 
dienyl (Cp) rings are planar and nearly parallel, the tilt 
between the two rings being 3.16 (16)° [4.40 (18)° for the 
second independent molecule]. The conformation of the Cp 
rings is close to eclipsed, the twist angle being 0.1 (2)° 
[3.3 (2)°]. The two acetyl-hydrazone substituents are also 
planar and are inclined at 13.99 (15)/9.17 (16)° [6.83(17)/ 
14.59 (15)°] relative to the Cp rings. The Fe— C bond lengths 
range from 2.035 (3) to 2.065 (2) A, with an average of 
2.050 (3) A [2.036 (3) to 2.069 (2), average 2.046 (3) A], which 
agrees well with those reported for most ferrocene derivatives. 
In the crystal, the molecules form dimers via two strong N— 
H- ■ -N hydrogen bonds. The dimers are linked into a three- 
dimensional framework by weak N— H- ■ -N hydrogen bonds. 

Related literature 

For a new catalytic olefination reaction and synthesis of 1,1- 
diacetylferrocene dihydrazone, see: Korotchenko et al. (2001); 
Nenajdenko et al. (2004); Abd-Elzaher et al. (2005). For 
related compounds, see: Xiao et al. (1999); Fang et al. (2001); 
Lopez et al. (2003); Zhang et al. (2006); Zhou et al. (2007); 
Qiao et al. (2009). 




Experimental 

Crystal data 

[Fe(C7H,N2)J 
M, = 298.17 
Orthorhombic, Pnal^ 
a = 9.2647 (3) A 
b = 12.9260 (4) A 
c = 22.0729 (7) A 

Data collection 

Bruker APEXII CCD 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2003) 
r„,i„ = 0.757, r„„ = 0.822 

Refinement 

R[F^ > 2a(F^)] = 0.031 

wR{F^) = 0.080 

S = 1.08 

6542 reflections 

347 parameters 

1 restraint 

H-atom parameters constrained 



Table 1 

Hydrogen-bond geometry (A, °). 



NNH' 



NNH. 



V = 2643.35 (15) A" 
Z = 8 

Mo Ka radiation 
/i = 1.13 mm^' 
T = 295 K 

0.26 X 0.22 X 0.18 mm 



38476 measured reflections 
6542 independent reflections 
6096 reflections with / > 2o-(/) 
Ri„, = 0.017 



Ap„„ = 0.43 e A"" 

Ap„,i„ = -0.25 e A"^ 

Absolute structure: Flaci? (1983), 

3181 Friedel pairs 
Absolute structure parameter: 0.475 

(16) 



D-H-A 




D-H 


H-A 


D-A 


D-H-A 


N2-H2A---N7' 




0.90 


2.53 


3.287 (5) 


142 


N4-H4A- ■ -NS" 




0.90 


2.29 


3.137 (4) 


157 


N4-H4B- ■ ■N2'" 




0.90 


2.61 


3.421 (4) 


150 


N6-H6A- ■ -NB™ 




0.90 


2.24 


3.073 (4) 


154 


N8-H8B-Nr 




0.90 


2.60 


3.497 (5) 


178 


Symmetry codes: 


(1) 


— X + ^, V — ^, z - 


hi; (ii) X 


— l,y, z; (iii) x — 


i-,. + i,z; (iv) 


x + i,y,z; (v) -X 


+ 1, 


-y + l,z-^. 









Data collection: APEX2 (Bruker, 2005); cell refinement: SAINT 
(Bruker, 2001); data reduction: SAINT; program(s) used to solve 
structure: SHELXTL (Sheldrick, 2008); program(s) used to refine 
structure: SHELXTL; molecular graphics: SHELXTL; software used 
to prepare material for publication: SHELXTL. 

We thank Professor Abel M. Maharramov for fruitful 
discussions and help with this work. 



Supporting information for this paper is available from the lUCr 
electronic archives (Reference: RK2429). 
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1,1 -Diacetylferrocene dihydrazone 

Namig G. Shikhaliyey, Atash V. Gurbanov, Vasily M. Muzalevsky, Valentine G. Nenajdenko and 
Victor N. Khrustalev 

1 . Comment 

The Nenajdenko-Shastin catalytic olefmation reaction discovered by us recently is a facile approach to functionally 
substituted halogen-alkenes (Korotchenko et ah, 2001; Nenajdenko et al, 2004) (Fig. 1). To study the further synthetic 
potential of this reaction, we have investigated the olefination of 1,1 -diacetylferrocene as a representative of 
metallocenes. The structure of the reaction product, Ci4Hi8FeN4, 1, has been unambiguously estabUshed by X-ray 
diffraction analysis. It has been revealed that the olefination of 1,1-diacetylferrocene allovifs the developing of a simple 
and convenient way to obtain the halogen-substituted ferrocene-alkenes II-V (Fig. 2). 

The I crystallizes in the non-centro symmetric orthorhombic space group Pna2\ with two crystallographically 
independent molecules in the unit cell. The two crystallographically independent molecules of I represent the chiral 
atropoisomers (Fig. 3). The atropoisomers are distinguished by the mutual arrangement of the two acetyl-hydrazone 
groups having the c/s-configuration of the C=N bonds (the disposition of the hydrazone groups is right/left and left/right, 
respectively). The two Cp rings are planar (r.m.s. deviations are 0.001, 0.003 and 0.003, 0.002 for the two 
crystallographically independent molecules, respectively) and nearly parallel, the ring-tilt between the two rings being 

3.16 (16)° and 4.40 (18)° for the two crystallographically independent molecules, respectively. The conformation of the 
Cp rings is close to eclipsed, which is common for ferrocene derivatives. The twist angle of the Cp rings is defined as the 
torsion angle between a ring C atom, the two ring centers and the corresponding C atom on the opposite ring. The value 
of the twist angle in I is 0.1 (2)° and 3.3 (2)° for the two crystallographically independent molecules, respectively. The 
two acetyl-hydrazone substituents are also planar (r.m.s. deviations are 0.012, 0.026 and 0.018, 0.027 for the two 
crystallographically independent molecules, respectively) and are inclined relative to the Cp rings at 13.99 (15)°, 

9.17 (16)° and 6.83 (17)°, 14.59 (15)° for the two crystallographically independent molecules, respectively. The Fe-C 
distances are as expected for a ferrocene derivative, ranging from 2.035 (3)A to 2.065 (2)A, with an average of 

2.050 (3)A and 2.046 (3)A (for the two crystallographically independent molecules, respectively), which agree well with 
those reported for most of ferrocene derivatives (Xiao et al, 1999; Fang et al, 2001; Lopez et al, 2003; Zhang et ah, 
2006; Zhou et al, 2007; Qiao et al, 2009). 

In the crystal, the molecules of I form a dimers via the two strong intermolecular N — H--N hydrogen bonds (Fig. 4, 
Table 1). Further, the dimers are linked into three-dimensional framework by the additional weak mtermolecular N — 
H— N hydrogen bonds (Fig. 5, Table 1). 

2. Experimental 

The product I was prepared by use of the methodics described in Abd-Elzaher et al, 2005. The single crystals of I were 
obtained by slow crystallization from C2H5OH. M.p. = 452^54 K. 
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3. Refinement 

The value of Flack parameter 0.475 (16) (3181 Friedel pairs measured, 99%) indicates that, in this case, the absolute 
structure cannot be objectively determined due to the specifical (psewc/o-centrosymmetrical) arrangement of heavy Fe 
atoms. 

The hydrogen atoms of the amino-groups were localized in the difference Fourier maps and refmed isotropically with 
fixed displacement parameters (i7iso(H) = 1.2J7eq(N)). The other hydrogen atoms were placed in calculated positions with 
with C — H = 0.96A (Cp H) and 0.98A (methyl H) and refined within the riding model with fixed isotropic displacement 
parameters (C/iso(H) = 1.2J7eq(C)). 

R N2H4 R CHaUXY R. R R 1 

:;^0 -i-i*- >=N-NH2 + >=N-N=< + N2I 

R" R' 10mol%CuCI R'^ Y R" R' 

B, DMSO Alkene Azine 

CXYHalz = CCI4, CBr4, CHBrj, CFBrj, CFCI3, CCI3CF3, CFaCBrj, CCI3CN, CCl302Et 
B = NH3, EtjN, NH2CH2CH2NH2 

Figure 1 

The Nenajdenko-Shastin catalytic olefmation reaction as a general method for the preparation of alkenes. 






DMSO 

I ll-V 

CHaliXY = II) CBrClj^ X = Y = CI); III) CBr4, X = Y = Br; IV) CFBrj^ X = F, Y = Br; 
V) CBrjCFj^ X = Br, Y= CFj 

Figure 2 

Reaction of l,r-diacetylferrocene with hydrazone in C2H5OH. 



CXY 
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Figure 3 

Molecular structure of I with the atom numbering scheme. The two crystallographically independent molecules are 
presented. Displacement ellipsoids are shown at the 40% probability level. H atoms are depicted as a small spheres of 
arbitrary radius. 




Figure 4 

The H-bonded dimers of I. Dashed lines indicate the intermolecular hydrogen bonds. 
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Figure 5 

A portion of the crystal packing of I along the a axis. Dashed lines indicate the mtermolecular hydrogen bonds. 
1 ,1 -Diacetylferrocene dihydrazone 



Crystal data 

[Fe(C7H9N2)2] 
M, = 298.17 
Orthorhombic, Pnali 
Hall symbol: P 2c -2n 
a = 9.2647 (3) A 
b = 12.9260 (4) A 
c = 22.0729 (7) A 
K= 2643.35 (15) A' 
Z=8 

F(000) = 1248 



Z)x= 1.498 Mgm-3 

Meltmg point = 452-454 K 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 995 1 reflections 

61 = 2.7-28.3° 

fi = 1.13 mm ' 

r=295K 

Prism, colourless 

0.26 X 0.22 X 0.18 mm 



Acta Cryst. (2014). E70, m286-m287 



sup-4 



supporting information 



Data collection 

BrukerAPEXII CCD 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
(p and m scans 

Absorption correction: multi-scan 

(SADABS; Bruker, 2003) 
7^ = 0.757, = 0.822 

Refinement 

Refinement on P- 
Least-squares matrix: full 
i?[i^>2(7(F)] = 0.031 
wRiF') = 0.080 
5"= 1.08 
6542 reflections 
347 parameters 
1 restraint 

Primary atom site location: structure-invariant 
direct methods 



38476 measured reflections 
6542 independent reflections 
6096 reflections with / > 2a{I) 
= 0.017 

^max = 28.3°, 9rma ~ 1.8° 

A =-12^12 
A: = -17^17 
/ = -29^29 



Secondary atom site location: difference Fourier 

map 

Hydrogen site location: difference Fourier map 
H-atom parameters constrained 

w = llWiF,^) + (0.0361P)2 + 1.3943^] 

where P=(/'„2 + 2i^/)/3 
(A/(t)„^ = 0.002 
A/)„ax = 0.43 e 
Ap„u„ = -0.25 e 

Absolute structure: Flack (1983), 3181 Friedel 
pairs 

Absolute structure parameter: 0.475 (16) 

Special details 

Geometry. All s.u.'s (except the s.u. in the dihedral angle between two l.s. planes) are estimated using the full covariance 
matrix. The cell s.u.'s are taken into account individually in the estimation of s.u.'s in distances, angles and torsion angles; 
correlations between s.u.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate 
(isotropic) treatment of cell s.u.'s is used for estimating s.u.'s involving l.s. planes. 

Refinement. Refinement of against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F^, 
conventional i?-factors R are based on F, with F set to zero for negative F^. The threshold expression of > a{F^) is 
used only for calculating /f-factors(gt) etc. and is not relevant to the choice of reflections for refmement. i?-factors based 
on F^ are statistically about twice as large as those based on F, and i?-factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 





X 


y 


z 


U- *IU 

^ ISO / ^ eq 


Fel 


0.34263 (3) 


0.58615 (2) 


0.871244(14) 


0.03239 (8) 


Nl 


0.2664 (3) 


0.29657 (18) 


0.92124 (12) 


0.0476 (5) 


N2 


0.1723 (3) 


0.2109 (2) 


0.92300 (16) 


0.0639 (8) 


H2A 


0.1429 


0.2401 


0.9579 


0.077* 


H2B 


0.1236 


0.2219 


0.8883 


0.077* 


N3 


-0.0469 (3) 


0.50928 (18) 


0.81874(11) 


0.0417 (5) 


N4 


-0.1449 (3) 


0.4276 (2) 


0.81548 (14) 


0.0526 (6) 


H4A 


-0.1934 


0.4383 


0.7807 


0.063* 


H4B 


-0.2017 


0.4161 


0.8479 


0.063* 


CI 


0.3861 (2) 


0.42947(18) 


0.87079 (14) 


0.0351 (5) 


C2 


0.4474 (3) 


0.4795 (2) 


0.81904(14) 


0.0454 (7) 


H2 


0.4260 


0.4634 


0.7766 


0.054* 


C3 


0.5449 (3) 


0.5561 (3) 


0.83974 (16) 


0.0500 (7) 


H3 


0.6023 


0.6021 


0.8139 


0.060* 


C4 


0.5453 (3) 


0.5555 (2) 


0.90370(15) 


0.0462 (7) 
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H4 


0.6029 


0.6005 


A AT AA 

0.9300 


A AC C * 

0.055* 


CD 


VA4/2 (3) 


0.4/ /2 (2) 


0.92296 (13) 


A Al C A /C\ 

0.0359 (5) 


H5 


0.4244 


A A f AO 

0.4598 


A A^C 1 

0.9651 


A A T A 

0.043* 


Co 


0.1 22o (2) 


0.01015 (1 /) 


0.0/053 (13) 


A AT A A A\ 

0.0344 (4) 


C7 


A 1 00 A \ 

O.I08O (3) 


0.6567 (2) 


A 01 OAT /I T\ 

0.81897 (13) 


A AT AT 

0.0397 (6) 


H/ 


O.ioo3 


(\ C.A AT 

0.6402 


{)./ /oo 


A A/l 0 * 

0.04o* 


C8 


A A 1 A /O \ 

0.2910 (3) 


A TTAA 

0.7300 (2) 


A OTA1 /( /I 0\ 

0.83914 (18) 


A ACTA /0\ 

0.0520 (8) 


Ho 


f\ o con 


0. / /34 


A 0 1 1 T 

0.8132 


A AjCT* 

0.062^ 


cy 


v.ZyiZ (i) 


u. /zyj \Z) 


U.yyjjyjZ (1 /) 


A ACT 1 /Q\ 

0.0521 (0) 


H9 


0.3516 


0.1125 


A AT AT 

0.9293 


A A/'T rfi 

0.062* 


CIO 


0.1877 (3) 


A /' C AO /T\ 

0.6548 (2) 


A ATTTO /I T\ 

0.92278 (13) 


A A y1 T 1 /£\ 

0.0421 (6) 


TT1 A 

HIO 


0.1647 


0.6378 


0.9650 


0.051* 




O.zozj {Z) 


U.j43zo (^lo) 


U.o /U /3 (14) 


A AO O/l iZ\ 

0.0384 (5 ) 




0.20 /2 (4) 


0.31 /4 (3j 


0.81283 (16) 


0.0613 (9) 


H12A 


0.2265 


0.2466 


0.8023 


0.092* 


H12B 


0.2418 


0.3619 


0.7812 


A AAT A 

0.092* 


H12C 


A 1 AC 1 

0.1051 


A T T7A 

0.3270 


A 0 1 TO 

0.8178 


A AAT A 

0.092* 


C13 


A A 1 AT /'^X 

0.0107 (2) 


0.52915 (16) 


A O^AA 1 /t A\ 

0.86991 (14) 


A AT C /I / A\ 

0.0354 (4) 


C14 


A ATT) /y1 \ 

—0.0273 (4) 


0.4756 (3) 


A AOO 1^/1 C\ 

0.92816 (15) 


A AC T z;; /o\ 

0.0536 (8) 


H14A 


A AT iCC 

— 0.0365 


A A AOT 
0.402 / 


A AO 1 A 

0.9210 


A AOA* 
O.OSO'^ 


TT1 ATt 

H14B 


A 1 1 T 1 

—0.1171 


A C A'^ yl 

0.5024 


A A /1 0 0 

0.9432 


A AOA:lc 

0.080* 


TT1 A 

H14C 


0.0474 


0.4876 


0.9575 


A AOAdE 

0.080* 


fez 


A ^ r\ A A r\ \ 

0.39440 (3) 


A /I 1 /I A 1 

0.41401 (2) 


A 1 n £LC\£. /I C\ 

0.617696 (15) 


A AT T 1 /0\ 

0.03361 (8) 


ND 


0. / /43 (2) 


A /I AAA 

0.4900 (2J 


0.6823 / (11) 


A A /I T A /C\ 

0.0429 (5) 


No 


A on AO /T \ 

0.8748 (3) 


0.5680 (2) 


A £OnOO /I A\ 

0.68788 (14) 


A AC^ZT /T\ 

0.0566 (7) 


H6A 


A AT O T 

0.9232 


0.5624 


0.7231 


A A/" 0 A 

0.068* 


HoB 


A A y1 y1 A 

0.9449 


A C70T 

0.5782 


0.6603 


A AZTO * 

0.068* 


JN / 


A AH A^ /I \ 

0.4 /42 (3 j 


A ^A/C/C /'T\ 

0.6966 (2) 


0.55835 (14) 


A ACAT /T\ 

0.059 / (/) 


XTO 

N8 


0.5659 (4) 


A TOT A \ 

0.7824 (3) 


0.5554 (2) 


A AATT /I T\ 

0.0937 (13) 


TTO A 


0.6512 


A nno A 

0.7784 


0.5747 


A 1 1 0 * 

0.112* 


H8B 


0.6117 


0.7617 


0.5215 


0.112* 


Co 


0.6146 (2J 


0.38990 (18j 


A /COyl A/1 /I '2\ 

0.62404 (13) 


0.0355 (5) 


Clo 


0.5409 (3) 


0.3428 (2) 


0.67357 (13) 


A AO OA /C\ 

0.0389 (5) 


TT1 £ 

Hlo 


0.5562 


A T COO 

0.3588 


A T 1 /TC 

0.7165 


A A /I T A 

0.047* 


C17 


0.4408 (4) 


0.2695 (2) 


0.65045 (16) 


A A,10T /T\ 

0.0487 (7) 


HI / 


0.3 /61 


0.2259 


0.6/46 


0.058^^ 


Clo 


0.4501 (4) 


A 1 0 /OA 

0.2 / 12 (3J 


A CO/CCA /I 

0.58659 (16) 


A ACO 0 /OX 

0.0528 (8) 


TT1 0 

H18 


0.3935 


0.2286 


0.5586 


A A/'T rf; 

0.063* 


ciy 


0.5564 (3) 


A '3 /I C A /0\ 

0.3450 (2) 


A C AAO / 1 '3 \ 

0.56992 (13) 


A A /I /1 0 /'z:\ 

0.0448 (6) 


H19 


0.5852 


0.3623 


A C^O A 

0.5284 


A AC A A 

0.054* 


C2(J 


A 1 CAA /'T\ 

0.3500 (Z) 


A CTAC /'T\ 

0.5 /05 (2) 


A 1 TAT A\ 

0.61202 (14) 


A AO m t £i\ 

0.03 / / (0) 


C21 


0.2817 (3) 


A C T T A /T \ 

0.5239 (3) 


0.66391 (14) 


(\ f\ AO A /T\ 

0.0484 (7) 


till 


0.2983 


0.543 / 


0. /062 


A ACO* 

0.058^^ 


C22 


0.1879 (3) 


0.4450 (3) 


0.64422 (18) 


0.0571 (8) 


H22 


0.1276 


0.4013 


0.6702 


0.069* 


C23 


0.1963 (3) 


0.4401 (3) 


0.58071 (16) 


0.0516(7) 


H23 


0.1428 


0.3920 


0.5547 


0.062* 


C24 


0.2954 (3) 


0.5164(2) 


0.56057 (14) 


0.0414 (6) 
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H24 


0.3225 


0 


5294 


0.5183 


0.050* 




C25 


0.7274 


(2) 0 


4692 (2) 


0.62853 (12) 


0.0378 (5) 




C26 


0.7826 


(4) 0 


5208 (3) 


0.57320 (15) 


0.0534 (8) 




H26A 


0.8859 


0 


5155 


0.5721 


0.080* 




H26B 


0.7552 


0 


5925 


0.5737 


0.080* 




H26C 


0.7424 


0 


4880 


0.5380 


0.080* 




C27 


0.4541 


(3) 0 


6555 (2) 


0.61029 (14) 


0.0459 (6) 




C28 


0.5251 


(4) 0 


6872 (3) 


0.66867(18) 


0.0707 (11) 




H28A 


0.6108 


0 


7263 


0.6600 


0.106* 




H28B 


0.5504 


0 


6266 


0.6915 


0.106* 




H28C 


0.4596 


0 


7290 


0.6919 


0.106* 




Atomic displacement parameters (A^) 






JJ12 










Fel 


0.02844 (15) 


0.02768 (14) 


0.04106 (17) 


0.00246 (11) 


0.00040 (14) 


-0.00025 (17) 


Nl 


0.0393 (11) 


0.0360 (11) 


0.0674 (15) 


-0 0054 (9) 


-0.0021 (11) 


0.0015 (11) 


N2 


0.0499 (14) 


0.0445 (14) 


0.097 (2) 


-0.0114 (11) 


-0.0001 (14) 


0.0051 (14) 


N3 


0.0365 (11) 


0.0384 (11) 


0.0504 (12) 


0.0030 (9) 


-0.0059 (9) 


-0.0025 (10) 


N4 


0.0412 (12) 


0.0508 (14) 


0.0660 (16) 


-0.0094 (10) 


-0.0077 (11) 


-0.0048 (12) 


CI 


0.0322 (11) 


0.0333 (11) 


0.0398 (12) 


0.0096 (7) 


0.0016 (13) 


-0.0027 (11) 


C2 


0.0478 (15) 


0.0489 (17) 


0.0395 (13) 


0.0177 (13) 


0.0081 (12) 


0.0014 (12) 


C3 


0.0342 (13) 


0.0475 (17) 


0.068 (2) 


0.0055 (13) 


0.0156 (13) 


0.0129 (15) 


C4 


0.0313 (12) 


0.0405 (14) 


0.0667 (19) 


0.0007 (11) 


-0.0069 (13) 


0.0046 (13) 


C5 


0.0355 (12) 


0.0323 (12) 


0.0399 (13) 


0.0030 (10) 


-0.0034 (10) 


0.0019 (10) 


C6 


0.0293 (9) 


0.0324 (10) 


0.0415 (12) 


0.0068 (7) 


-0.0003 (12) 


-0.0012 (11) 


C7 


0.0369 (13) 


0.0358 (13) 


0.0465 (14) 


0.0081 (11) 


-0.0014 (10) 


0.0053 (11) 


C8 


0.0413 (16) 


0.0286 (13) 


0.086 (2) 


-0.0005 (12) 


0.0000 (15) 


0.0107 (15) 


C9 


0 0460 (171 


0 0325 (14) 


0 078 (2) 


0 0036 (13) 


-0 0045 (16) 


-0 0140 (15) 


CIO 


0.0382 (13) 


0.0437 (14) 


0.0446 (14) 


0.0076(11) 


-0.0024(11) 


-0.0113(11) 


Cll 


0.0365 (10) 


0.0282 (9) 


0.0505 (12) 


0.0065 (8) 


-0.0044 (12) 


-0.0049 (12) 


C12 


0.073 (2) 


0.0441 (16) 


0.0671 (19) 


0.0066 (15) 


-0.0256 (17) 


-0.0143 (14) 


C13 


0.0272 (9) 


0.0361 (11) 


0.0429(11) 


0.0053 (8) 


0.0025 (11) 


-0.0009 (12) 


C14 


0.0494(16) 


0.064 (2) 


0.0471 (16) 


-0.0102(15) 


0.0060(13) 


0.0088 (15) 


Fe2 


0.02893 (15) 


0.03346 (16) 


0.03846 (16) 


0.00323 (11) 


-0.00165 (14) 


0.00044 (17) 


N5 


0.0377 (10) 


0.0441 (12) 


0.0469 (12) 


0.0003 (9) 


-0.0073 (9) 


-0.0050(10) 


N6 


0.0481 (13) 


0.0602 (16) 


0.0615 (16) 


-0.0142 (12) 


-0.0100 (12) 


-0.0059 (13) 


N7 


0.0462 (13) 


0.0500 (15) 


0.0828 (19) 


-0.0088 (11) 


-0.0112 (13) 


0.0192(14) 


N8 


0.0643 (19) 


0.060 (2) 


0.156(4) 


-0.0189(17) 


-0.021 (2) 


0.030 (2) 


C15 


0.0294 (9) 


0.0360 (10) 


0.0411 (12) 


0.0088 (9) 


-0.0039 (10) 


-0.0062(11) 


C16 


0.0398 (13) 


0.0327 (12) 


0.0442 (13) 


0.0082 (10) 


-0.0013 (10) 


0.0039 (10) 


C17 


0.0455 (16) 


0.0312(12) 


0.070 (2) 


0.0040 (12) 


-0.0037 (14) 


0.0037 (13) 


C18 


0.0478 (17) 


0.0392 (15) 


0.071 (2) 


0.0039 (14) 


-0.0113 (15) 


-0.0182(15) 


C19 


0.0422 (14) 


0.0487(15) 


0.0436 (14) 


0.0091 (12) 


-0.0010(11) 


-0.0120 (12) 


C20 


0.0332 (12) 


0.0370 (12) 


0.0427 (14) 


0.0122 (8) 


-0.0009(11) 


0.0019(12) 


C21 


0.0515 (16) 


0.0501 (17) 


0.0436 (15) 


0.0243 (13) 


0.0083 (12) 


0.0032 (12) 


C22 


0.0354(13) 


0.0590(19) 


0.077 (2) 


0.0086 (14) 


0.0124 (14) 


0.0185 (17) 


C23 


0.0310(13) 


0.0541 (17) 


0.070 (2) 


-0.0031 (12) 


-0.0100 (13) 


0.0107(15) 
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C24 


0.0342 (12) 


0.0465 (16) 


0.0435 (14) 


0.0023 (11) 


-0.0069(11) 


0.0051 (12) 


C25 


0.0303 (10) 


0.0422 (12) 


0.0410 (14) 


0.0077 (9) 


-0.0012 (10) 


-0.0013 (11) 


C26 


0.0465 (15) 


0.067 (2) 


0.0473 (15) 


-0.0066 (14) 


0.0024 (12) 


0.0045 (15) 


C27 


0.0417 (12) 


0.0357 (12) 


0.0603 (17) 


0.0104 (10) 


-0.0149 (13) 


-0.0058 (13) 


C28 


0.080 (2) 


0.0457 (17) 


0.087 (3) 


0.0142 (17) 


-0.032 (2) 


-0.0236 (17) 



Geometric parameters (A, °) 



Fel— CIO 


2.035 (3) 


Fe2— C18 


2.036 (3) 


Fel— C9 


2.035 (3) 


Fe2— C21 


2.037 (3) 


Fel— C3 


2.036 (3) 


Fe2— C23 


2.037 (3) 


Fel— C2 


2.042 (3) 


Fe2— C19 


2.040 (3) 


Fel— C8 


2.046 (3) 


Fe2— C22 


2.040 (3) 


Fel— C4 


2.049 (3) 


Fe2— C24 


2.045 (3) 


Fel— C7 


2.053 (3) 


Fe2— C17 


2.048 (3) 


Fel— C5 


2.055 (3) 


Fe2— C16 


2.052 (3) 


Fel— C6 


2.0624 (19) 


Fe2 — C20 


2.067 (3) 


Fel— CI 


2.065 (2) 


Fe2— C15 


2.069 (2) 


Nl— Cll 


1.276 (4) 


N5— C25 


1.294(4) 


Nl— N2 


1.410 (3) 


N5— N6 


1.377 (3) 


N2 — H2A 


0.8996 


N6 — H6A 


0.9003 


N2— H2B 


0.9002 


N6— H6B 


0.8993 


N3— C13 


1.276 (4) 


N7— C27 


1.277 (4) 


N3— N4 


1.394 (3) 


N7— N8 


1.398 (4) 


N4 — H4A 


0.9002 


N8— H8A 


0.8998 


N4— H4B 


0.9004 


N8— H8B 


0.9005 


CI— C5 


1.424 (4) 


C15— C16 


1.425 (4) 


CI— C2 


1.430(4) 


C15— C19 


1.433 (4) 


CI— Cll 


1.472 (3) 


C15— C25 


1.466 (3) 


C2— C3 


1.416(5) 


C16— C17 


1.421 (4) 


C2— H2 


0.9800 


C16— H16 


0.9800 


C3— C4 


1.412 (4) 


C17— C18 


1.413 (4) 


C3— H3 


0.9800 


C17— H17 


0.9800 


C4— C5 


1.426 (4) 


C18— C19 


1.420 (5) 


C4— H4 


0.9800 


C18— H18 


0.9800 


C5— H5 


0.9800 


C19— H19 


0.9800 


C6— C7 


1.423 (4) 


C20— C24 


1.426(4) 


C6— CIO 


1.424(4) 


C20— C21 


1.440 (4) 


C6— C13 


1.473 (3) 


C20— C27 


1.463 (4) 


C7— C8 


1.417 (4) 


C21— C22 


1.409 (5) 


C7— H7 


0.9800 


C21— H21 


0.9800 


C8— C9 


1.410(4) 


C22— C23 


1.405 (5) 


C8— H6 


0.9800 


C22— H22 


0.9800 


C9— CIO 


1.427 (5) 


C23— C24 


1.419 (4) 


C9— H9 


0.9800 


C23— H23 


0.9800 


CIO— HIO 


0.9800 


C24— H24 


0.9800 


Cll— C12 


1.493 (4) 


C25— C26 


1.483 (4) 


C12— H12A 


0.9600 


C26— H26A 


0.9600 
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C12— H12B 
C12— H12C 
C13— C14 
C14— H14A 
C14— H14B 
C14— H14C 



0.9600 

0.9600 

1.502 (4) 

0.9600 

0.9600 

0.9600 



C26— H26B 
C26— H26C 
C27— C28 
C28— H28A 
C28— H28B 
C28— H28C 



0.9600 

0.9600 

1.504 (4) 

0.9600 

0.9600 

0.9600 



CIO— Fel— C9 
CIO— Fel— C3 
C9— Fel— C3 
CIO— Fel— C2 
C9— Fel— C2 
C3— Fel— C2 
CIO— Fel— C8 
C9— Fel— C8 
C3— Fel— C8 
C2— Fel— C8 
CIO— Fel— C4 
C9— Fel— C4 
C3— Fel— C4 
C2— Fel— C4 
C8— Fel— C4 
CIO— Fel— C7 
C9— Fel— C7 
C3— Fel— C7 
C2— Fel— C7 
C8— Fel— C7 
C4— Fel— C7 
CIO— Fel— C5 
C9— Fel— C5 
C3— Fel— C5 
C2— Fel— C5 
C8— Fel— C5 
C4— Fel— C5 
C7— Fel— C5 
CIO— Fel— C6 
C9— Fel— C6 
C3— Fel— C6 
C2— Fel— C6 
C8— Fel— C6 
C4— Fel— C6 
C7— Fel— C6 
C5— Fel— C6 
CIO— Fel— CI 
C9— Fel— CI 
C3— Fel— CI 
C2— Fel— CI 
C8— Fel— CI 



41.05 (13) 
157.39 (13) 
120.43 (14) 
160.90 (13) 
156.84 (14) 
40.63 (14) 
68.45 (14) 
40.42 (12) 
105.66 (13) 

121.94 (14) 
122.37 (12) 
105.66(13) 
40.44 (12) 
68.35 (13) 
120.73 (13) 
68.20 (9) 
68.08 (13) 
122.33 (13) 
108.31 (12) 
40.44(12) 
157.23 (12) 
108.69 (12) 
122.80 (13) 
68.01 (12) 
68.10 (10) 
157.67(13) 
40.66(11) 

160.95 (11) 
40.67 (10) 
68.55 (11) 
159.37 (13) 
124.55 (12) 
68.26(11) 
159.72 (12) 
40.46(11) 
124.97(11) 
124.59(12) 
159.87 (14) 
68.40(11) 
40.76 (12) 
159.23 (14) 



C18— Fe2— C21 
C18— Fe2— C23 
C21— Fe2— C23 
C18— Fe2— C19 
C21— Fe2— C19 
C23— Fe2— C19 
C18— Fe2— C22 
C21— Fe2— C22 
C23— Fe2— C22 
C19— Fe2— C22 
C18— Fe2— C24 
C21— Fe2— C24 
C23— Fe2— C24 
C19— Fe2— C24 
C22— Fe2— C24 
C18— Fe2— C17 
C21— Fe2— C17 
C23— Fe2— C17 
C19— Fe2— C17 
C22— Fe2— C17 
C24— Fe2— C17 
C18— Fe2— C16 
C21— Fe2— C16 
C23— Fe2— C16 
C19— Fe2— C16 
C22— Fe2— C16 
C24— Fe2— C16 
C17— Fe2— C16 
C18— Fe2— C20 
C21— Fe2— C20 
C23— Fe2— C20 
C19— Fe2— C20 
C22— Fe2— C20 
C24— Fe2— C20 
C17— Fe2— C20 
C16— Fe2— C20 
C18— Fe2— C15 
C21— Fe2— C15 
C23— Fe2— C15 
C19— Fe2— C15 
C22— Fe2— C15 



158.63 (15) 
104.11 (14) 
67.87 (14) 
40.77 (14) 
160.22 (14) 
121.90(13) 

120.85 (15) 
40.42 (15) 
40.32 (14) 
157.55 (15) 
119.51 (14) 
68.13 (12) 
40.68 (12) 
107.11 (13) 
68.24 (13) 
40.47 (12) 
124.51 (13) 
118.79(13) 
68.27 (14) 
105.93 (14) 
154.40 (13) 
68.19(12) 
110.53 (12) 
155.69(12) 
68.16(10) 
122.40 (13) 
163.21 (11) 

40.56 (12) 
156.46 (14) 
41.08 (12) 
68.55 (12) 

122.86 (12) 
68.83 (13) 

40.57 (12) 
162.74(13) 
127.34(11) 
68.66(12) 
125.21 (12) 
160.19(13) 
40.83 (11) 
159.21 (13) 
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C4 — I' el — CI 


68.45 (11) 


C7 — Fel — CI 


124.67 (11) 


C5 — Fel — CI 


40.42 (11) 


Co — rel — CI 


1 C\[\ C\f\ /(W 

109.90 (9) 


Cll — N 1 — JNz 


117.5 (3) 


TvTI XT'^ TT-^ A 

Nl — N2 — til A 


83.2 


Nl — ^N2 — tilo 


C\C\ 1 

99.3 


TT'^ A XT'l TTTr> 

Hz A — Nl — HzB 


120.7 


Cii — JN3 — JN4 


llo.l (3) 


XTT XT/1 TT/I A 


1 A /I n 

104.7 


XT'^ XT/I TT/IT> 

N3 — N4 — H4B 


1 1 T T 

117.7 


TT,1 A XT/I TT^T> 

H4A — JN4 — H4B 


114. z 


Cj — Ci — Cz 


1 AT A 

10 /.O (z) 


C5 — CI — Cll 


126.0 (3) 


C2 — CI — Cll 


127.0 (3) 


C5 — CI — Fel 


tlC\ A'^ / 1 /I \ 

69.42 (14) 


Cz — CI — ^l^el 


68.76 (15) 


Cll — CI — ^Fel 


1 '^'7 AT /I /l\ 

127.97 (14) 


C3 — C2 — CI 


108.2 (3) 


C3 — C2 — Fel 


£ A /I /I / 1 0\ 

69.44 (18) 


Ci — Cz — ^rel 


/0.46 (Id) 


C3 — C2 — Hz 


125.9 


/"1 1 /^-^ T T'^ 

CI — C2 — H2 


125.9 


rel — Cz — Hz 


1 '1 C A 

125.9 


C4 — C3 — Cz 


108.7 (3) 


C4 — C3 — Fel 


T A T /I A\ 

70.27 (19) 


C2 — C3 — Fel 


/"A A") /I 'TX 

69.93 (17) 


C4 — C3 — H3 


125.6 


C2 — C3 — H3 


125.6 


Fel — C3 — H3 


125.6 


C3 — C4 — C5 


1 AT C /"> \ 

107.5 (3) 


C3 — C4 — ^rel 


69.29 (19) 


17/^1 

CD — C4 — ^rel 


69.92 (O) 


C3 — C4 — H4 


126.3 


C5 — C4 — H4 


126.3 


_ 1 /~i /I TT A 

Fel — C4 — H4 


126.3 


Cl — C5 — C4 


1 AO n \ 

108.7 (3) 


Cl — C5 — Fel 


T A 1 C / 1 /I \ 

70.15 (14) 


/"'A C T7^ 1 

C4 — C5 — Fel 


/lf\ A'~\ /I ^\ 

69.42 (16) 


TTC 

Cl — C5 — ^H5 


125.7 


C4 — C5 — H5 


125.7 


Fel — C5 — H5 


125.7 


C/ — Co — CiU 


10/./ (z) 


C7— C6— C13 


126.4 (3) 


CIO— C6— C13 


126.4 (3) 


C7— C6— Fel 


69.40 (13) 


CIO— C6— Fel 


68.63 (13) 


C13— C6— Fel 


126.05 (15) 



C24 — rQl — C15 


125.55 (11) 


C17 — Fe2 — C15 


/'o A ^ /io\ 

68.41 (12) 


C16 — ^Fe2 — C15 


40.48 (11) 


C20 — Fez — C15 


110.34 (9) 


C25 — N5 — No 


117.5 (3) 


XTC XT/' I 1/^ A 

N5 — N6 — F16A 


110.7 


XT^ XT^ TTZm 

N5 — ^N6 — ^H6B 


1 OO /I 

122.4 


TT/T A XTzT TT/TTJ 

H6A — N6 — H6B 


1 AT T 

103.7 


r^'~)n xn xto 
C2 / — JN / — N 8 


11 /.4 (3) 


XT "7 XTO TTO A 

N7 — No — H8A 


117.7 


XT'? XTO TTOTi 

N7 — No — HoB 


95.2 


TTO A XTO TTOT~> 

H8 A — N 8 — H8B 


OT A 

87.9 


C16 — ClD — C19 


1 AjC 

lOo.o (2) 


C 1 6 — C 1 5 — C25 


126.0 (2) 


C 1 9 — C 1 5 — C25 


1 T7 /I /O \ 

127.4 (3) 


C16 — C15 — Fe2 


A 11 / 1 /I \ 

69.11 (14) 


C19 — C15 — Fe2 


Zl^O /1A/1/1\ 

68.49 (14) 


C25 — C15 — Fe2 


1 OT A A /1 /'N 

127.00 (16) 


C17 — C16 — C15 


1 AO O \ 

108.8 (3) 


C17 — C16 — Fe2 


/zr\ c A /I zr\ 

69.59 (16) 


Ci5 — C16 — Fez 


/0.41 (14) 


C17 — C16 — H16 


125.6 


C15 — C16 — H16 


125.6 


re2 — C16 — H16 


125.6 


Clo — C17 — C16 


1 AT A /TX 

107.9 (3) 


C 1 8 — C 1 7 — r e2 


69.3 (2) 


C16 — C17 — Fe2 


/"A O /I /I\ 

69.86 (16) 


/~^10 1 "7 TTIT 

C18 — C17 — H17 


1 O ZT A 

126.0 


e~^-\ ^ r^m ttit 

C16 — C17 — H17 


1 A 

126.0 


Fe2 — C17 — HI 7 


126.0 


C17 — C18 — C19 


1 AO O / *) \ 

108.2 (3) 


C17 — C18 — re2 


70.2 (2) 


C19 — Clo — ^re2 


69. 10 (1 /) 


/— ■ 1 ^7 -I o TT 1 O 

C17 — C18 — H18 


125.9 


C19 — C18 — H18 


125.9 


T^ — 1 O TT1 O 

Fe2 — C18 — HI 8 


1 O C A 

125.9 


/~^10 /^1A 

C 1 8 — C 1 9 — C 1 5 


1 AO C \ 

108.5 (3) 


/^10 /^1A T7„0 

C18 — C19 — Fe2 


^ A /I *7 / 1 0\ 

69.47 (18) 


/^1A T?^'^ 

C15 — C19 — Fe2 


TA ZTO / I /I \ 

70.68 (14) 


C18 — C19 — H19 


1 'I c o 

125.8 


/^1C /^1A TT1A 

C15 — C19 — H19 


125.8 


Fe2 — C19 — HI 9 


125.8 


/^^A 

Cz4 — CzO — Cz 1 


1 AC O /0\ 

105.8 (z) 


C24— C20— C27 


125.5 (3) 


C21— C20— C27 


128.6(3) 


C24— C20— Fe2 


68.89 (16) 


C21— C20— Fe2 


68.31 (16) 


C27— C20— Fe2 


127.28 (16) 
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/^o t~^n /"'zT 

Cs — C7 — Co 


1 AO \ 

108. o (j) 


LIZ — C2 1 — C20 


1 AA 'I 

109.2 (3) 


t~^o r~^n rr^i 


69.54 (17) 


C22 — C21 — tQZ 


z;; A c\A /I o\ 

69.94 (18) 


Co — C7 — fel 


TA 1/1 / 1 

70.14 (13) 


C2U — C21 — tel 


70.61 (15) 


/~<0 /"^T XT'? 

C8 — C7 — H7 


125.7 


/""^'^ 1 TT'^ 1 

C22 — C21 — ^H21 


125.4 


/~^n TTT 

Co — C7 — H7 


125.7 


/"^TA /^-^ 1 TTO 1 

C20 — C2 1 — til 1 


IOC /I 

125.4 


Fel — C7 — H7 


125.7 


Fe2 — C21 — H21 


125.4 


/~*0 /~"7 

C9 — C8 — C7 


1 AO 1 

108.1 (3) 


C23 — C22 — C2 1 


1 AT O 

107.8 (3) 


r~^o T7^ 1 

C9 — C8 — rel 


ZTA y1 

69.4 (2) 


/^'l'? /^Tl TT^'l 

C23 — C22 — r e2 


^ A / 1 A\ 

69.72 (19) 


/^T /^O T7^1 


nn AO /i £.\ 
/0.U2 (lo) 


Cz 1 — C22 — r e2 


zrn zTyl /I '7^ 

69.64 (1 /) 


/^O TTZI 

C9 — Co — Ho 


1 '1 ^ A 

126.0 


/^■T? /^'^O TTT^ 

C2i — C22 — H22 


126.1 


/"IT /~^0 TT/' 

C7 — C8 — ^H6 


126.0 


C21 — C22 — ^H22 


126.1 


Fel — C8 — Ho 


126.0 


Fe2 — C22 — H22 


126.1 


C8 — C9 — CIO 


1 AO A \ 

108.0 (3) 


C22 — C2i — C24 


1 AO C /") \ 

108.5 (3) 


r^o f~^c\ 'o-^i 

C8 — C9 — ^Fel 


70.2 (2) 


T?^'^ 

C22 — C23 — teZ 


^ A A^ / 1 A\ 

69.96 (19) 


CIO — C9 — Fel 


/'A /I T / 1 zr\ 

69.47 (16) 


C24 — C23 — Fe2 


ZT A AT / 1 /r\ 

69.97 (16) 


/^o r~^c\ TTr\ 

C8 — C9 — H9 


1 O A 

126.0 


/^'I'l /^OT TTT) 

C22 — C23 — H23 


125.8 


CIO — C9 — H9 


126.0 


C24 — C23 — H23 


125.8 


T" — ! /^C\ TTA 

Fel — C9 — H9 


1 A 

126.0 


T~'~'*\ /"^'^l TTOO 

Fe2 — C23 — ^H23 


125.8 


Co — CIO — C9 


1 AO 1 \ 

108.1 (3) 


C23 — C24 — C20 


1 AO ^7 \ 

108.7 (3) 


Co — CIO — Fel 


70.71 (13) 


C23 — C24 — re2 


69.35 (17) 


C9 — CIO — ^Fel 


/TA /I O /I 'TN 

69.48 (1 /) 


/^'>A frtO 

C2U — C24 — e2 


TA C yl / 1 C\ 
/0.54 (15) 


r^C 1 A TT1 A 

Co — CIO — HIO 


1 'I ^ A 

126.0 


C23 — C24 — H24 


125.7 


C9 — CIO — HIO 


126.0 


C20 — C24 — H24 


125.7 


r 1 1 A T T 1 A 

Fel — CIO — HIO 


126.0 


Fe2 — C24 — ^H24 


125.7 


XT1 Oil 1 

Nl — Cll — CI 


115.7 (3) 


N5 — C25 — CI 5 


116.6 (3) 


XT 1 1 1 1 'I 

Nl — Cll — C12 


1 A /O \ 

126.0 (2) 


N5 — C25 — C26 


123.1 (3) 


CI — Cll — C12 


1 1 O O \ 

118.3 (3) 


C15 — C25 — C26 


120.3 (3) 


Cll — Clz — HlzA 


1 AA C 

109.5 


/"^'IC /^OZT Tyizi; A 

C25 — C2o — H26A 


1 AA C 

109.5 


/-ill XJ1TD 

Cll — Clz — ^HlZD 


1 AA C 

109.5 


C2d — C2o — ^H2or> 


1 AA C 

109.5 


TT 1 1 A 1 '^ T T 1 1T^ 

H12A — C12 — H12B 


109.5 


TT1/" A f~^^ /' TT'l/'T^ 

H26A — C26 — H26B 


109.5 


Cll — Clz — ^HlzC 


1 AA C 

109.5 


C25 — C26 — ^H2oC 


1 AA C 

109.5 


TT10A /"H*^ TTI'^i^ 

H12A — Clz — H12C 


1 AA C 

109.5 


H2oA — C2o — ^H2oC 


1 AA C 

109.5 


H12B — Clz — HlzC 


1 AA C 

109.5 


H2oD — C2o — H2oC 


1 AA C 

109.5 


N3 — C13 — Co 


116.5 (3) 


N7 — C27 — C20 


115.6 (3) 


N3 — C13 — C14 


124.5 (2) 


N7 — C27 — C28 


126.3 (3) 


Co — C13 — C14 


1 1 A A /'>\ 

119.0 (3) 


/~<OA /"I'^T /~<'^0 

C20 — C27 — C28 


1 1 O 1 /">\ 

118.1 (3) 


C13— C14— H14A 


109.5 


C27— C28— H28A 


109.5 


C13— C14— H14B 


109.5 


C27— C28— H28B 


109.5 


TTIylA TT1/in 

H14A — C14 — H14B 


1 AA C 

109.5 


H25A — C28 — H25B 


1 AA C 

109.5 


C13 — C14 — ^H14C 


1 AA C 

109.5 


C27 — C2o — H2oC 


1 AA C 

109.5 


Hi4A — C14 — H14C 


1 AA C 

109.5 


Hz 5 A — C2o — H2oC 


1 AA C 

109.5 


TT1 /I T~> 1 A TT1 /I/"' 

H14B — C14 — H14C 


109.5 


I 1 OTl /^'^ O T T-^ O 

H28B — C28 — H28C 


109.5 


CIO— Fel— CI— C5 


-77.91 (18) 


C18— Fe2— C15— C16 


-80.99 (18 


C9— Fel— CI— C5 


-39.2 (4) 


C21— Fe2— C15— C16 


80.46 (19) 


C3— Fel— CI— C5 


81.00(19) 


C23— Fe2— C15— C16 


-152.8(3) 


C2— Fel— CI— C5 


118.7(2) 


C19— Fe2— C15— C16 


-118.7(2) 


C8— Fel— CI— C5 


158.0 (3) 


C22— Fe2— C15— C16 


40.5 (4) 
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C4 — l^el — CI — L5 


37.37 (17) 


C24- 


T7„1 /^1C /^IZT 

— r e2 — C 1 5 — C 1 6 


167.25 (17) 


\J1 — rel — CI — C5 


-163.81 (16) 


C17- 


-F e2 — C 1 5 — C 1 6 


—il.iZ) (17) 


Co — ^rel — CI — C5 


—121.00 (16) 


oon 

C20- 


1:7.^0 01c 01^ 
-Fe2 — 015 — C16 


1 0 >i 01 /I ^\ 
124.21 (16) 


ClU — ^rel — CI — C2 


163.35 (18) 


O 1 o 

C18- 


■C^O 01c 01 A 

-F e2 — C 1 5 — C 1 9 


00 £.0 /I A\ 

37.68 (19) 


C9 — tel — CI — C2 


-157.9 (3) 


C21- 


-F e2 — C 1 5 — C 1 9 


1 £ A 00 /I 0\ 

-160.88 (18) 


C3 — rel — CI — C2 


—37.74 (19) 


C23- 


-F e2 — C 1 5 — C 1 9 


1 A 1 / /I \ 

—34.1 (4) 


Co — r el — CI — C2 


39.3 (4) 


L.2I- 


■C^O 01c 01 A 

-Fe2 — CI 5 — 019 


1 CA 1 /0\ 

159.1 (3) 


C4 — r e 1 — C 1 — Cz 


O 1 A 

— ol.4 (z) 


C24- 


TT^-^ /^1A 

— r e2 — C 1 5 — C 1 9 


HA 1 /1\ 

-74.1 (2) 


C / — rei — CI — Cz 


77.4 (2) 


CI /- 


— r e2 — C 1 5 — C 1 9 


ol.j (2) 


C5 — Fel — CI — C2 


—118.7 (2) 


C16- 


-F e2 — 0 1 5 — C 1 9 


1 1 0 T /ON 

118.7 (2) 


Co — rel — CI — Cz 


1 OA O ^ /I 0\ 

120.26 (18) 


OO A 

C20- 


"C^O 01c 01 A 

-F e2 — C 1 5 — C 1 9 


1 1 o 10 /I o\ 

—117.13 (18) 


ClU — Fel — CI — Cll 


42.4 (3) 


C18- 


-r e2 — C 1 5 — C25 


1 C A A N 

159.0 (3) 


cy — Fel — ci — Cll 


O 1 1 //I \ 

81.1 (4) 


OO 1 

Czi— 


— r e2 — C 1 5 — C25 


-39.5 (3) 


C3 — Fel — CI — Cll 


1 CO T 

—158.7 (3) 


OOT 

C23- 


-re2 — CI 5 — C25 


87.2 (4) 


C2 — Fel — CI — Cll 


1^1 f\ / A\ 

-121.0 (4) 


019- 


-Fel — 015 — 025 


121.3 (3) 


Co — rel — CI — Cll 


o 1 n / A\ 

-81.7 (4) 


oo o 

Czz- 


— r e2 — C 1 5 — C2 5 


nc\ c f A\ 

—79.5 (4) 


C4 — rel — CI — Cll 


157.0 (3) 


OO yl 

C24- 


-F e2 — C 1 5 — 025 


An fi\ 

41.2 (3) 


C7 — rel — CI — Cll 


-43.5 (3) 


010 

C17- 


1:7.^0 01c 00c 
-F e2 — C 1 5 — 02 5 


—157.4 (3) 


C5 — Fel — CI — Cll 


120.3 (3) 


016- 


-Fe2 — C 1 5 — 025 


1 1 A A /■O \ 

-120.0 (3) 


Co — rel — CI — Cll 


-0.7 (3) 


C2U- 


-r e2 — C 1 5 — C2 5 


4.2 (3) 


/~ic 

CD — CI — Cz — C3 


0.3 (3) 


ciy— 


-C15 — ClO — CI / 


U.O (3) 


/~i 1 1 /"^o 
Cll — CI — C2 — C3 


-178.3 (2) 


025- 


-015 — 016 — 017 


-179.6 (2) 


Fel — CI — C2 — C3 


59.4 (2) 


Fe2— 


-C15 — 016 — 017 


^ A 1 A /I A\ 

59.19 (19) 


C5 — CI — C2 — Fel 


—59.13 (15) 


/"^ 1 A 

C19- 


/^ic /"^izT rr^'i 

-C15 — 016 — Fe2 


CO /1 0 /I c\ 

—58.43 (15) 


Cll — CI — Cz — Fel 


1 oo o /o\ 

iZZ.I (z) 


ooc 

Cz5- 


O 1 C O 1 "CrtO 

— C15 — C16 — Fez 


101 1 /'0\ 

Izi.j (z) 


CIO — Fel — C2 — C3 


-165.2 (3) 


C18- 


-Fe2 — C 1 6 — C 1 7 


-37.6 (2) 


C9 — Fel — C2 — C3 


41.7 (4) 


021- 


-Fe2 — C16 — C17 


119.5 (2) 


/^O T7„1 /^'l 

C8 — Fel — C2 — C3 


76.2 (2) 


C23- 


-F e2 — C 1 6 — C 1 7 


38.1 (4) 


C4 — F el — Cz — C3 


—3 /.36 (18) 


O 1 n 

ciy— 


frtO 01 01 o 

—Fez — C16 — CI / 


0 1 /"OA 

—81.6 (z) 


C7 — Fel — C2 — C3 


1 1 O C /I AN 

118.65 (19) 


022- 


-Fe2 — C 1 6 — 0 1 7 


76.0 (2) 


C5 — Fel — C2 — C3 


—81.3 (2) 


oo A 

C24- 


-Fe2 — C16 — C17 


ICO 1 / A\ 

—158.3 (4) 


O^ "O-^l O'^ 

Co — Fel — C2 — C3 


1 z;a /I / 1 o\ 

160.46 (lo) 


OO A 

C20- 


T7.»0 0 1 010 

-Fe2 — 016 — 017 


1 z;o AO yi A\ 

162.92 (19) 


CI — ^Fel — Cz — C3 


1 1 A 1 /1\ 

— iiy.i (3j 


oi c 
C15- 


tr^o o 1 /c o 1 o 
—Fez — C16 — CI / 


1 1 A 0 /o\ 

—119.8 (zj 


C 1 0 — Fe 1 — C2 — C 1 


A 1 / A\ 

-46.1 (4) 


018- 


-Fe2 — 0 1 6 — C 1 5 


82.25 (18) 


C9 — F el — C2 — C 1 


1 ^A O /TX 

160.0 (3) 


oo 1 

C21- 


T7„'l 

-F e2 — C 1 6 — C 1 5 


-120.64 (17) 


OT "O^l OO 01 

C3 — Fel — C2 — CI 


1 1 A 1 /1\ 

119.1 (3) 


ooo 

023- 


1:7.^0 01 ^ 01 c 

-Fe2 — 016 — CI 5 


1 CO A /0\ 

157.9 (3) 


00 "c^i 00 01 
Co — Fel — Cz — CI 


— io4.o / (lo) 


019- 


-Fe2— 016— 015 


TO 10/'1C\ 
JO.l / (15) 


C4 — Fe 1 — C2 — C 1 


01 T) /ION 

81.73 (18) 


022- 


-Fe2— 016— 015 


-164.17 (17) 


C7 — F el — C2 — C 1 


— 122.26 (16) 


024- 


-Fe2— 016— 015 


-38.5 (5) 


OC T7^1 00 01 

C5 — F el — C2 — C 1 


37.79 (15) 


017- 


-Fe2— 016— 015 


1 1 A 0 /0\ 

119.8 (2) 


Co — r e 1 — Cz — C 1 


on A A /I n\ 

—80.44 (19) 


O20- 


-Fe2— 016— 015 


-11 .Lb (18) 


C 1 — C2 — C3 — C4 


-0.3 (4) 


015—016—017—018 


-0.7 (3) 


frtl oo 0'3 O/l 

Fel — Cz — C3 — C4 


cn o /o\ 
59.8 (z) 


Fe2- 


-016—017—018 


cn A /o\ 
59.0 (z) 


CI— C2— C3— Fel 


-60.09 (18) 


015- 


-016— 017— Fe2 


-59.70 (17) 


CIO— Fel— C3— C4 


47.9 (4) 


021- 


-Fe2— 017— 018 


159.3 (2) 


C9— Fel— C3— C4 


78.1 (2) 


023- 


-Fe2— 017— 018 


77.6 (3) 


02— Fel— C3— 04 


-119.6 (3) 


019- 


-Fe2— 017— 018 


-37.9 (2) 


08— Fel— 03— 04 


119.3(2) 


022- 


-Fe2— 017— 018 


119.1 (2) 
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i~*n T7^i A 


1 ^ A AA / 1 A\ 

160.00 (19) 


C24 — r e2 — C 1 7 — C 1 8 


A z:^ A ^ A\ 

46.4 (4) 


C5 — Fel — C3 — C4 


O O A/' /I A\ 

-38.06 (19) 


C 1 6 — ^Fe2 — C 1 7 — C 1 8 


1 1 A O /1 \ 

-119.3 (3) 


e~^£ "D^i 

Co — ^rel — L3 — C4 


—171.0 (2) 


/"'OA "O^O T 1 O 

C20 — r e2 — C 1 7 — C 1 8 


1 Tl O /OX 

—171.2 (3) 


CI — el — C3 — C4 


—8 1 .7 (2) 


C15 — re2 — C17 — C18 


oo A /'0\ 

—82.0 (2) 


C 1 0 — r el — Ci — Cz 


167.5 (3) 


C 1 8 — r e2 — C 1 7 — C 1 6 


1 1 A T \ 

119.3 (3) 


C9 — tel — C3 — C2 


-162.33 (19) 


C2 1 — r e2 — C 1 7 — C 1 6 


O 1 A /'^\ 

—8 1 .4 (2) 


r^o "D^i /"''^ 

L8 — Fel — C3 — C2 


—121.1 (2) 


C23 — r e2 — C 1 7 — C 1 6 


-163.17 (18 


C4 — r e 1 — C3 — C2 


1 1 A zc; /"I \ 

119.6 (3) 


/^1A TT^'l 

C 1 9 — r e2 — C 1 7 — C 1 6 


o 1 in / 1 o\ 

81.37 (18) 


/^T T7^1 

C / — rei — CJ — Cz 


— 5U.4 (2) 


i^OO "C^O /^IzC 

C22 — r e2 — C 1 / — C 1 6 


1 O 1 zC /'0\ 

— 121.0 (2) 


/^C TT^I 

C5 — Fel — C3 — C2 


81.54 (17) 


C24 — r e2 — C 1 7 — C 1 6 


165.7 (3) 


1:7^1 

Co — F e 1 — C3 — C2 


cl A ^ A\ 

—5 1 .4 (4) 


/^OA "D^O T 1 ^ 

C20 — r e2 — C 1 7 — C 1 6 


—51.9 (5) 


Cl — fel — C3 — C2 


37.85 (18) 


/~^1C TT^T /^l/T 

C 1 5 — f e2 — C 1 7 — C 1 6 


37.28 (17) 


C2 — C3 — C4 — CD 


0.2 (4) 


/^io /~^in 
C16 — Cl / — C18 — C19 


0.3 (4) 


Fel — C3 — C4 — C5 


CA T 

59.7 (2) 


T?.*'^ ^10 

Fe2 — C17 — C18 — C19 


CA T /0\ 

59.7 (2) 


C2 — C3 — C4 — Fe 1 


-59.6 (2) 


1 Z' 1 T Z^ 10 T' 

C 1 6 — C 1 7 — C 1 8 — Fe2 


-59.4 (2) 


C 1 (J — 1* el — C4 — C3 


1 £A T /1\ 

—160.3 (2) 


T7„1 /^10 /^IT 

C2 1 — r e2 — C 1 8 — C 1 7 


-53.1 (5) 


C9 — r el — C4 — C3 


—118.8 (2) 


C23 — F e2 — C 1 8 — C 1 7 


1 1 O 1 

—118.1 (2) 


C2 — F el — C4 — C3 


37.5 (2) 


C19 — e2 — C18 — C17 


119.1 (3) 


C8 — Fel — C4 — C3 


-77.7 (3) 


C22 — Fe2 — C 1 8 — C 1 7 


TO A /0\ 

-78.0 (3) 


C7 — F e 1 — C4 — C3 


—48.3 (4) 


C24 — r e2 — C 1 8 — C 1 7 


1 C O A 

-158.9 (2) 


r^c "Crti /~^A r^'i 
CD — F el — C4 — C J 


118. / (3) 


frtO /^io 
Clo — ^re2 — C18 — Cl / 


"yn n /o\ 

37.7 (2) 


Co — Fel — C4 — C3 


170.9 (3) 


C20 — r e2 — C 1 8 — C 1 7 


173.5 (2) 


Cl — Fel — C4 — C3 


81.5 (2) 


C 1 5 — Fe2 — C 1 8 — C 1 7 


81.3 (2) 


CIO — ^Fel — C4 — C5 


81.U (2) 


/^'^l T7„^ /^10 /^1A 

C2 1 — r e2 — C 1 8 — C 1 9 


—172.2 (3) 


r^c\ "Crti r^A 

Cy — Fel — C4 — CD 


122.49 (19) 


C23 — r e2 — C 1 8 — C 1 9 


12Z.88 (19) 


C3 — Fel — C4 — C5 


-118.7 (3) 


C22 — Fe2 — C 1 8 — C 1 9 


1 /"^ A'^ / 1 0\ 

162.92 (18) 


C2 — Fel — C4 — C5 


-81.15 (18) 


C24 — Fe2 — C 1 8 — C 1 9 


O'^ A 

82.0 (2) 


C8 — tel — C4 — CD 


163.63 (19) 


T7^1 /^10 /^1A 

C 1 7 — 1* e2 — C 1 8 — C 1 9 


1 1 A 1 /'J \ 

—119.1 (3) 


r^n tTrti r^A 

C/ — Fel — C4 — CD 


— 16/.0 (3) 


^10 ^Ifi 

C16 — ^rez — Clo — C19 


01 /II /I 0\ 

— 81.41 (18) 


C6 — Fel — C4 — C5 


52.2 (4) 


A T" 1 O 1 A 

C20 — Fe2 — C 1 8 — C 1 9 


54.4 (4) 


Cl — Fel — C4 — Cd 


-37.17 (17) 


1 c r 'I z"' 1 o z~^ 1 A 

C 1 5 — ^Fe2 — C 1 8 — C 1 9 


OTTO /I 

-37.73 (17) 


C2 — C 1 — C5 — C4 


-0.2 (3) 


C17 — C18 — C19 — C15 


A O 

0.2 (4) 


1 r^z. c^A 
C 1 1 — C 1 — CD — C4 


1 /8.4 (2) 


"CrtO /*^io /"'IC 

re2 — C18 — C19 — C15 


/CA 1 /C /I o\ 

60.16 (18) 


Fel — Cl — C5 — C4 


CO A-^ /I 0\ 

-58.92 (18) 


1 ^7 Z^ 1 O Z"' 1 A T 

C 1 7 — C 1 8 — C 1 9 — Fe2 


-60.0 (3) 


C2 — Cl — CD — Fel 


58.72 (16) 


Z~^1^ /^1C Z^IA Z~^10 

C16 — C15 — C19 — C18 


A ZT /'J \ 

-0.6 (3) 


Cll — Cl — CD — Fel 


1 oo £: /ox 

—122.6 (2) 


/~*lo 

C25 — C 1 5 — C 1 9 — C 1 8 


1 TA T /0\ 

179.7 (2) 


C3 — C4 — C5 — C 1 


A A /1 \ 

0.0 (3) 


TT^O Z^1C Z~^1A Z^IO 

F e2 — C 1 5 — C 1 9 — C 1 8 


CA y1 /TX 

-59.4 (2) 


1" el — C4 — C5 — C 1 


c A in /'I o\ 

59.37 (18) 


C 1 6 — C 1 5 — C 1 9 — t e2 


CO 0"^ /I c\ 

58.82 (15) 


C3 — C4 — Cd — Fel 


-59.3 (2) 


Z^-^C Z^1C Z^IA T7^0 

C25 — C 1 5 — C 1 9 — F e2 


1 "^A A /OX 

-120.9 (2) 


CIO — Fel — Cd — Cl 


121.82 (15) 


Czl — Fez — C19 — C18 


1 T 1 ^ /'i\ 
171.6 (3) 


C9 — r e 1 — C5 — C 1 


1 ZTC AA / 1 ll\ 

165.00 (16) 


C23 — 1* ei — C 1 9 — C 1 8 


-73.6 (2) 


C3 — Fel — Cd — Cl 


O '^ AT / 1 A\ 

-82.07 (19) 


z^T^ r" 1 A z"' 1 o 

C22 — Fe2 — C 1 9 — C 1 8 


-41.3 (4) 


C2 — fel — CD — Cl 


—38.10 (15) 


^^yl "CrtO ^10 

C24 — r e2 — C 1 9 — C 1 8 


— IID.6 (2) 


C8— Fel— C5— Cl 


-159.5 (3) 


C17— Fe2— C19— C18 


37.65 (19) 


C4— Fel— C5— Cl 


-119.9 (2) 


C16— Fe2— C19— C18 


81.5 (2) 


C7— Fel— C5— Cl 


44.6 (4) 


C20— Fe2— C19— C18 


-157.25 (18 


C6— Fel— C5— Cl 


79.60(18) 


C15— Fe2— C19— C18 


119.3 (3) 


CIO— Fel— C5— C4 


-118.26(19) 


C18— Fe2— C19— C15 


-119.3 (3) 
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C9- 


-Fel— C5— C4 


-75.1 (2) 


C3- 


-Fel— C5— C4 


37.85 (19) 


C2- 


-Fel— C5— C4 


81.5 (2) 


C8- 


-Fel— C5— C4 


—39.6 (4) 


C7- 


-Fel— C5— C4 




C6— Fel— C5— C4 


-160.48 (18) 


v_ 1 — 


T?f>l p^ P4 

-rci — — 


linn /'^\ 

119.9 (2) 


PI n 


Fp>1 P^ P7 


119.1 (2) 


v^y — 


T7„i (-'/: p7 


oU.VJ (lo) 


— 


TTal P7 
-r e 1 — ^0 — L> / 


—39.1 (4) 


r") 

^-'Z — 


T?pi p/: P7 


—77.31 (18) 


PS 


FpI P^ P7 


37.32 (lo) 


fA 

\_-^f — 


TTol PA P7 
-r e 1 — 1^0 — / 


ij /.y (3) 


— 


TTfl P/^ P7 

-r e 1 1^0 \^ 1 


—163.23 (16) 


V. i — 


PpI Cf. nn 


-120.52 (17) 


V. V — 


Fp>i p^; Pin 


O O 1 O /I A\ 

—38.18 (19) 


— 


TTai cf. Pin 


ICO '3 \ 

— 155.3 (3) 


— 


Foi p/; Pin 


163.56 (18) 


PS 


FpI p^^ Pin 


-81.8 (2) 


CA 

L^'f — 


Foi 0(\ Pin 

-r e 1 — L/O — 1 u 


38.7 (4) 


P7 


Pel p/c Pin 

-r e 1 — L^o — 1 u 


—119.1 (z) 


C5- 


-Fel— C6— CIO 


77.64 (19) 


Cl- 


-Fel— C6— CIO 


120.35 (18) 


ClO- 


— Fel— C6— C13 


—120.2 (3) 


C9- 


-Fel— C6— C13 


— 15o.4 (3) 


C3- 


-Fel— C6— C13 


81.5 (4) 


C2- 


-Fel— C6— C13 


43.3 (3) 


C8- 


-Fel— C6— C13 


1 CO A /I \ 

158.0 (3) 


C4- 


-Fel— C6— CI 3 


01 Z tA\ 

— 51.5 (4) 


C7- 


-Fel— C6— C13 


120.6 (3) 


C5- 


-Fel— C6— C13 


—42.b (3) 


Cl- 


-Fel— C6— C13 


A 1 \ 

0.1 (3) 


ClO— C6— C7— C8 


— U. / (3) 


C13- 


— C6— C7— C8 


1 TA A 

—179.4 (2) 


Fel- 


-C6— C7— C8 


C A 1 '1 /I A\ 

—59.12 (19) 


ClO— C6— C7— Fel 


CO T n /I c\ 

58.39 (15) 


C13- 


— C6— C7— Fel 


1 -^A 1 

— 120.3 (2) 


ClO- 


— Fel— C7— C8 


O 1 A /ON 

81.9 (2) 


C9- 


-Fel— C7— C8 


37.5 (2) 


C3- 


-Fel— C7— C8 


—75.5 (2) 


C2- 


-Fel— C7— C8 


1 1 O 1 

— 118.1 (I) 


C4- 


-Fel— C7— C8 


Af\ C / A\ 

—40.5 (4) 


C5- 


-Fel— C7— C8 


166.1 (3) 


C6- 


-Fel— C7— C8 


119.7(3) 


Cl- 


-Fel— C7— C8 


-160.25 (19) 


ClO- 


— Fel— C7— C6 


-37.81 (14) 


C9- 


-Fel— C7— C6 


-82.21 (18) 


C3- 


-Fel— C7— C6 


164.74 (16) 



C21— 


e2 — L 1 y — C 1 5 


CI 1 //I \ 

52.3 (4) 


C23— 


-h e2 — C 1 9 — C 1 5 


1 AzT / 1 zr\ 

167.06 (16) 


C22— 


-Fe2 — C19 — CI 5 


1 ^A T 

—160.7 (3) 


C24— 


-Fe2 — C19 — C15 


1 C AC /I '7\ 

125.05 (17) 


C17— 


-F e2 — C 1 9 — C 1 5 


o 1 z;o Z' 1 o\ 

-81.68 (18) 


C16— 


-F e2 — C 1 9 — C 1 5 


on o c /I c\ 

—37.85 (15) 


C20— 


-Fe2 — C19 — C15 


0'> /l'^ /I A\ 

83.42 (19) 


C18- 


-Fe2 — C20 — C24 


38.3 (3) 


C21— 


T7^0 /^^A 

-r ez — CzU — (_z4 


—11 /.y (2) 


C23— 


-F e2 — C20 — C24 


T A A /I 0\ 

-37.44 (18) 


C19— 


-t ez — C20 — Cz4 


nn ci /I A\ 

77.53 (19) 


C22— 


T7^T /^OA /"^T/l 

-F e2 — C20 — C24 


OA /I A\ 

-80.86 (19) 


CI /— 


f /""OA /^O/l 

-r ez — C2u — Cz4 


1 C/^ 1 \ 

—156.1 (4) 


C16— 


-r e2 — C20 — Cz4 


1 z;'^ o /I /I '7\ 

163.84 (17) 


C15— 


-F e2 — C20 — Cz4 


121.37 (17) 


CI 8— 


-Fe2 — C20 — C2 1 


156.2 (3) 


C23— 


-r e2 — C2U — C2 1 


OA C /'^\ 

80.5 (2) 


C19— 


-r e2 — C20 — C2 1 


1^/1 c c /I o\ 

—164.55 (18) 


C22— 


-Fe2 — C20 — C2 1 


37.1 (2) 


C24— 


-re2 — C2U — C21 


1 1 T A /^\ 

117.9 (2) 


C17— 


-r e2 — C20 — C2 1 


'JO T /,1 \ 

—38.2 (4) 


C16- 


-Fe2 — C20 — C2 1 


-78.2 (2) 


C15— 


-Fe2 — C20 — C2 1 


-120.71 (18) 


1 O 

C18— 


T?^'! /^OA /^T7 

-r e2 — C20 — C27 


o 1 r\ / A\ 

—81.0 (4) 


C/1— 


"CrtO /~^T7 

-r e2 — C20 — C2 / 


12Z.6 (4) 


C23- 


-Fe2 — C20 — C27 


-156.7 (3) 


C19- 


-Fe2 — C20 — C27 


-41.8 (3) 


C22— 


-re2 — C2iJ — C27 


1 C A A \ 

159.9 (3) 




TZTrtO /'^'T? 

-r e2 — C20 — C2 / 


1 1 A O /A\ 

—119.3 (4) 


C17- 


-Fe2 — C20 — C27 


84.6 (5) 


C16— 


T7^^ /^'lA /^"T? 

-r e2 — C20 — C27 


A A £ 

44.6 (3) 


^ 1 c 

C15— 


'C^'^ /"I'^A /~*T7 

-t ez — C2U — C27 


2.1 (3) 


C24— 


/-T^A /"'OO 

-C2U — C2 1 — C22 


— U.O (3) 


C27- 


-C20 — C2 1 — C22 


1 TA /I /"^N 

179.4 (2) 


Fe2— 


-C20 — C2 1 — C22 


-59.5 (2) 


C24— 


-C20 — Czl — Fez 


CO AZT /I '7\ 

58.96 (17) 


C27— 


-CzO — C2 1 — F e2 


— 121.1 (2) 


/"^ 1 O 

CI 8— 


-F e2 — C2 1 — C22 


-33.9 (4) 


C23— 


-F e2 — C2 1 — C22 


37.6 (2) 


C19— 


-r ez — Cz 1 — Czz 


1^1 '5 

161.3 (3) 


C24— 


-F e2 — C2 1 — C22 


0 1 T /TX 

81.7 (2) 


C17- 


-Fe2 — C2 1 — C22 


-72.9 (2) 


^1 

C16— 


t:^^ ^oi ^"T*) 
-r ez — Cz 1 — C2z 


— 116.3 (2) 


C20- 


-Fe2— C21— C22 


119.9(3) 


C15- 


-Fe2— C21— C22 


-159.41 (19) 


C18- 


-Fe2— C21— C20 


-153.8(3) 


C23- 


-Fe2— C21— C20 


-82.29 (18) 


C19- 


-Fe2— C21— C20 


41.4(4) 
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supporting information 



/^'^ T7^1 /~"7 (~^£L 

C2 — rel — C7 — Co 


1 1 O / 1 '7\ 

122.18 (17) 


022- 


-Fe2— 021— C20 


1 1 A A /'?\ 

-119.9 (3) 


t~^0 T7™1 t~^^ 

C8 — fel — C7 — Co 


1 1 A T /"IX 

—119.7 (3) 


024- 


-Fe2— 021— O20 


-38.26 (16) 


C4 — i'el — C7 — Co 


1 ZTA T 

—160.3 (3) 


017- 


-Fe2— 021— O20 


167.15 (17) 


C5 — fel — C7 — Co 


/I ^ /I /A\ 

46.4 (4) 


016— Fe2— 021— O20 


1 T> TA /I a.\ 

123. 79 (16) 


Cl — tel — C7 — Co 


OA AO / 1 0\ 

80.02 (18) 


015- 


-Fe2— 021— O20 


OA /I A\ 

80.66 (19) 


Co — C7 — C8 — C9 


A A /I \ 

0.4 (3) 


O20- 


-021—022—023 


A A /''?\ 

0.4 (3) 


"c^i r^n r^o r^c\ 

fel — C7 — C8 — C9 


-59.1 (2) 


Fe2- 


-021—022—023 


—59.5 (2) 


/"^zT /~^n r^o T7^1 

Co — C7 — C8 — rel 


C A /I O /'I '7\ 

59. 4o (17) 


C20- 


-021— 022— Fe2 


C A AT / 1 0\ 

59.93 (18) 


CiU — rei — Co — cy 


io.l (z) 


C18- 


-Fe2— 022— 023 


— /4.0 (3) 


C3 — fel — C8 — C9 


—118.8 (2) 


C21- 


-Fe2— 022— 023 


1 1 A A /") \ 

119.0 (3) 


1:7^1 r^[\ 

C2 — fel — C8 — C9 


1 CA A /''^\ 

—159.9 (2) 


019- 


-Fe2— 022— 023 


A A C / A\ 

—44.5 (4) 


C4 — fel — C8 — C9 


-77.7 (3) 


024- 


-Fe2— 022— 023 


37.7 (2) 


f^n 17^1 /^o r^c\ 

C/ — fel — Co — C9 


1 1 A /I 

119.4 (3) 


017- 


-Fe2— 022— 023 


1 1 A /OA 

—116.0 (Z) 


r^c "D^i r^[\ 

C5 — fel — C8 — C9 


AO O /C\ 

—48.8 (5) 


016— Fe2— 022— 023 


1 Az:; / 1 A\ 

—156.96 (19) 


Co — fel — C8 — C9 


82.0 (2) 




Thp»9 P99 Cl'X 
— r cz — L>zz — v^z J 


O 1 A /'^\ 

81.4 (2) 


Cl — fel — C8 — C9 


1 T 1 A 

171.0 (2) 


n 1 ^ 


— r ez — K^LL — y^Lj 


173.1 (3) 


C 1 (J — f el — C8 — C / 


—81.24 (18) 




Vf^l P99 P?! 
— r cZ \^LL — V^Z 1 


1 /C/C 11 /I A\ 

166.33 (19) 


C9 — f e 1 — C 8 — C7 


1 1 A /I \ 

—119.4 (3) 




— r ez — L^zz — l_-z i 


1 1 A A /1\ 

—119.0 (3) 


C3 — Fel — C8 — C7 


121.8 (2) 


C 1 Q 


Th^i9 P99 P?1 


-163.5 (3) 


kJI — fel — C8 — C7 


OA O /'^\ 

80.8 (2) 




IhoO poo POl 
— r cZ — L/ZZ — Uz 1 


O 1 T T / 1 A\ 

-81.37 (19) 


C4 — fel — C8 — C/ 


1 AO / 1 C>\ 

162.98 (18) 


PI 7 


T7^»0 POO POl 

— r cz — i_/ZZ — v_^z 1 


125.0 (2) 


r^c 17-^1 r^o r^n 

C5 — fel — C8 — C7 


—168.1 (3) 




Th^»0 poo POl 

— r ez — Uzz — L^Z 1 


O /f A /'^\ 

84.0 (2) 


C6 — Fel — C8 — C7 


-37.34 (17) 


v^ZU— 


T7^»0 POO POl 
— r ez — L.ZZ — L/Z 1 


-37.64 (18) 


Cl — fel — C8 — C7 


51.6 (4) 


J— 


VpH poo POl 
— r cZ — \^LL — l^Z i 


54.1 (4) 


C / — C8 — C9 — Cll) 


0.1 (4) 


l_/Z 1— 


POO PO^ POJ. 

— l^ZZ x-'Aj l_/ZH- 


-0.2 (4) 


Fel — C8 — C9 — CIO 


-59.4 (2) 


rez — 


POO POl PO/1 


-59.6 (2) 


C7 — C 8 — C9 — Fe 1 


59.5 (2) 


P"! 1 


POO POl T7(2.0 
— l-^ZZ — L-Z J — r ez 


59.4 (2) 


CIO — Fel — C9 — C8 


1 1 A 1 \ 

—119.1 (3) 


C 1 c 


C^iO POl POO 

— rez — v^Zj — v^zz 


121.4 (2) 


r^i "Crti r^ct r^Q 
C3 — f el — C9 — C8 


78.1 (3) 


\^z. 1 — 


T7fiO PO"^ POO 

— r cZ l_/Z J l^-ZZ 


'2'7 T /0\ 

-37.7 (2) 


C2 — Fel — C9 — C8 


47.9 (4) 


019- 


-Fe2— 023— 022 


161.6 (2) 


C4 — Fel — C9 — C8 


119.3 (2) 


024- 


-Fe2— 023— 022 


1 1 A C \ 

—119.5 (3) 


C7 — Fel — C9 — C8 


—37.5 (2) 


017- 


-Fe2— 023— 022 


OA /'?\ 

80.6 (3) 


r^z "Crti r^c\ r^Q 
CD — F el — C9 — Co 


160. 1 (z) 


016- 


-Fe2— 023— 022 


53.4 (4) 


Co — Fel — C9 — C8 


-81.2 (2) 


O20- 


-Fe2— 023— 022 


-82.1 (2) 


Cl — Fel — C9 — C8 


1 TA T 

—170.7 (2) 


015- 


-Fe2— 023— 022 


1 TO O /I \ 

—172.8 (3) 


C3 — Fel — C9 — CIO 


1 oo /I 'TX 

—162.88 (17) 


018- 


-Fe2— 023— 024 


1 1 A 1 

—119.1 (2) 


C2 — F e 1 — C9 — C 1 0 


167.0 (3) 


021- 


-Fe2— 023— 024 


o 1 n /i\ 

81.7 (2) 


Co — rel — Cy — CIO 


1 1 A 1 

119.1 (3) 


019- 


-Fe2— 023— 024 


no A 

-78.9 (2) 


C4 — Fel — C9 — CIO 


1 1 HC t 'K 0\ 

—121.65 (18) 


022- 


-Fe2— 023— 024 


1 1 A C /I \ 

119.5 (3) 


C7 — Fel — C9 — CIO 


81.52 (17) 


017- 


-Fe2— 023— 024 


1 C A A /I /1 A\ 

—159.94 (19) 


C5 — Fel — C9 — CIO 


OA O /0\ 

—80.8 (2) 


016- 


-Fe2— 023— 024 


172.8 (3) 


Co — Fel — C9 — CIO 


37.83 (17) 


O20- 


-Fe2— 023— 024 


O T O /I /I A\ 

37.34 (19) 


Cl — Fel — C9 — CIO 


—5 1 .6 (4) 


015- 


-Fe2— 023— 024 


-53.3 (4) 


C7— C6— CIO— C9 


0.8 (3) 


022- 


-023— 024— C20 


-0.2 (4) 


C13— C6— CIO— C9 


179.4 (2) 


Fe2- 


-023—024—020 


-59.78 (19) 


Fel— C6— CIO— C9 


59.67 (19) 


022- 


-023— 024— Fe2 


59.6 (2) 


07— 06— CIO— Fel 


-58.88 (15) 


021- 


-020—024—023 


0.5 (3) 


013— 06— 01 0— Fel 


119.8(2) 


027- 


-020—024—023 


-179.5 (2) 
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supporting information 



C 0 — C 9 — C 1 0 — C 6 


A /T f A \ 

—0.6 (4) 


r ez — CzO — Cz4 — Czi 




CA A /-^X 

59.0 (z) 


fel — C9 — Cll) — Co 


^ A A A / 1 0\ 

—60.44 (18) 


Cz 1 — Cz 0 — Cz4 — t ez 




CO CO /I 

-58.58 (16) 


C8 — Cy — CIO — ^rel 


CA A /''^\ 

59.9 (2) 


C27 — C20 — C24 — e2 




121.5 (2) 


C9 — rQ\ — CIO — Co 


118.8 (3) 


C 1 0 — t Cz — Cz4 — Cz3 




76.8 (2) 


C3 — rQ\ — CIO — Co 


160. 2 (3) 


Cz 1 — t ez — Cz4 — Cz3 




O 1 A /0\ 

—81.0 (2) 


C2 — I'd — CIO — Co 


/I C A ^ A\ 

—45.4 (4) 


C 1 y — r ez — Cz4 — Cz3 




119.3 (2) 


C8 — rel — CIO — Co 


O 1 /I o\ 

81.29 (18) 


Czz — t ez — Cz4 — C23 




-37.3 (2) 


C4 — r e 1 — L 1 0 — Co 


— lo5.1z (15) 


C 1 7 — r ez — Cz4 — Cz3 




A A 1 / ^ \ 

44.1 (4) 


C / — rei — Cll) — Co 


n /c:'^ /I A\ 
5 1 .bZ (14) 


C 1 o — r ez — Cz4 — Cz3 




1 /CA O / A\ 

— 169.0 (4) 


C5 — roV — CIO — Co 


— Izz.iz (16) 


CzO — r ez — Cz4 — Cz3 




1 1 A O /T \ 

—119.8 (3) 


CI — fel — CIO — Co 


OA '5A /I A\ 

—80,30 (19) 


C 1 5 — r ez — Cz4 — Cz 3 




160.48 (19) 


C J — r el — C 1 0 — CV 


4U (4) 


C 1 8 — r ez — Cz4 — CzO 




-163.47 (17) 


Cz — r el — C 1 0 — Cy 


— lo4.3 (J) 


Cz 1 — r ez — Cz4 — CzO 




38. /3 (16) 


C8 — rel — CIO — C9 


T T C /I /I A\ 

—37.54 (19) 


Cz3 — r ez — C24 — C20 




1 1 A O \ 

119.8 (3) 


C4 — Fel — CIO — C9 


76.0 (2) 


C 1 9 — Fe2 — C24 — C20 




1 'I A OA /I ^\ 

-120.89 (17) 


Ll — r e 1 — C 1 0 — C9 


— 81.Z (z) 


Czz — t ez — Cz4 — CzO 




OO A 

82,4 (2) 


Cj — rel — CIO — cy 


ilo.o (z) 


Cl / — ^rez — Cz4 — CzO 




1 /Cl O /1\ 

163.8 (3) 


Co — Fel — CIO — C9 


-118.8 (3) 


0 1 6 — Fez — C24 — C20 




CA A /C\ 

-50.0 (5) 


Cl — Fel — CIO — C9 


1 /'A O /I A\ 

160.86 (19) 


C 1 5 — Fe2 — C24 — C20 




T A T C /I A\ 

-79.75 (19) 


xn XT 1 z"' 1 1 1 

Nz — JN 1 — Cll — Cl 


—177.0 (z) 


N6 — N5 — C25 — C15 




-176.7 (2) 


JNz — JN 1 — Cll — Clz 


1.7 (4) 


JN 6 — ^JN 5 — Cz5 — C2o 




3.7 (4) 


C5 — Cl — Cll — Nl 


1 A /TX 

-12.9 (3) 


C 1 6 — C 1 5 — C25 — N 5 




7.8 (4) 


C2 — Cl — Cll — Nl 


165.4 (2) 


C 1 9 — C 1 5 — C2 5 — N 5 




-172.6 (2) 


rel — Cl — Cll — Nl 


1 AT A 

—103.9 (3) 


F e2 — C 1 5 — C2 5 — N 5 




AT Zi; /T\ 

97.6 (3) 


Cj — Cl — Cll — Clz 


16/./ (2) 


/"'l/C 

C 1 6 — C 1 5 — C25 — C2o 




— I /Z.t) (z) 


C2 — Cl — Cll — C12 


-14.0 (3) 


C 1 9 — C 1 5 — C25 — C26 




7.1 (4) 


Fel — Cl — Cll — C12 


76.7 (3) 


Fe2 — C 1 5 — C25 — C26 




-82.8 (3) 


N4 — Jn3 — C13 — Co 


175.0 (2) 


XTO xn /^'^A 

N8 — N7 — C27 — C20 




1 TZT 1 /T \ 

176.1 (3) 


N4 — N3 — C13 — C14 


A ^ f A\ 

—4.6 (4) 


XTO XTT /^^T /^'*>0 

Jn8 — N7 — C27 — C28 




1 1 /c\ 

-3.1 (5) 


C7— C6— C13— N3 


-10.5 (3) 


C24— C20— C27— N7 




14.5 (4) 


CIO— C6— C13— N3 


171.1 (2) 


021— C20— 027— N7 




-165.5 (3) 


Fel— 06— C13— N3 


-100.2 (3) 


Fe2— 020—027— N7 




103.8 (3) 


07— 06— C13— €14 


169.2 (2) 


024—020—027—028 




-166.3 (3) 


CIO— C6— C13— C14 


-9.2 (3) 


C21— O20— 027— 028 




13.8 (4) 


Fel— C6— C13— C14 


79.5 (3) 


Fe2— 020—027— 028 




-77.0 (3) 


Hydrogen-bond geometry (A, °) 


D—n-A 


Z)— H 




D-A 


D—a-A 


N2— 


0.90 


2.53 


3.287 (5) 


142 


N4— H4^-N5" 


0.90 


2.29 


3.137(4) 


157 


N4— H45-N2"' 


0.90 


2.61 


3.421 (4) 


150 


N6— H6^-N3'^ 


0.90 


2.24 


3.073 (4) 


154 


N8— H8fl- -Nr 


0.90 


2.60 


3.497 (5) 


178 



Symmetry codes: (i) -x+l/2, y-lll, z+1/2; (ii) xr-\,y, z; (iii) x-\l2, -)H-V2, z; (iv) x+l,y, z; (v) -x+l, -yf 1, z-1/2. 
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